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INFRARED FALLBACK MECHANISM FOR REMOTE CONTROL DEVICES

ABSTRACT
Disclosed herein is an infrared fallback mechanism for remote control devices based on
the HDMI-CEC capabilities of a target device. When HDMI-CEC is enabled on the target
device, such as a display device or any other suitable HDMI sink device, and when a feature is
an HDMI-CEC compatible feature, the remote control device can transmit instructions to the
target device by transmitting a Bluetooth radio signal (e.g., a Bluetooth Low Energy signal) to a
streaming media device, which, in turn, can transmit an instruction to the target device via an
HDMI-CEC channel between the streaming media device and the target device. Alternatively,
when the HDMI-CEC channel between the streaming media device and the target device is not
enabled or when a feature is not an HDMI-CEC compatible feature (as HDMI-CEC is not always
available on target devices), the remote control device can fallback to an infrared (IR) mode by
directly communicating with the target device in which an IR code is transmitted to the target
device via an IR transmitter on the remote control device to an IR receiver on the target device.
BACKGROUND
Dedicated remote control devices are typically provided for controlling home appliances,
such as a television, a media device, a speaker system, etc. With the increase of these home
appliances providing dedicated handheld remote control devices, user frustrations are becoming
more apparent. Users often lose the remote control for a particular home appliance. Users also
often juggle two or more dedicated remote control devices – e.g., a remote control device for a
television device, a remote control device for a streaming media device, and a remote control
device for a connected audio device.
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Accordingly, it is desirable to provide new systems and methods for providing an infrared
fallback mechanism for remote control devices based on the HDMI-CEC capabilities of a target
device.
DESCRIPTION
The systems and techniques described in this disclosure relate to an infrared fallback
mechanism for remote control devices based on the HDMI-CEC capabilities of a target device.
Turning to FIG. 1, an illustrative system diagram for implementing the infrared fallback
mechanism is shown below.
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As shown in FIG. 1, the system can include a remote control device 110. In some
implementations, remote control device 110 can include an infrared emitter that transmits
instructions as infrared signals to an infrared (IR)-enabled target device 120, such as a television,
an audio/video receiver, or a sound bar via an infrared link 130. In some implementations,
remote control device 110 can also include a Bluetooth Low Energy (BLE) transceiver for
connecting and transmitting instructions to a streaming media device 140 via a wireless link 150
using a short range communication protocol, such as BLE.
As also shown in FIG. 1, streaming media device 140 is configured to communicate with
target device 120. In some implementations, streaming media device 140 can include a HighDefinition Multimedia Interface (HDMI) plug for connecting with an HDMI input port on target
device 120. In a more particular example, streaming media device 140 can transmit Consumer
Electronics Control (CEC) instructions to the target device via an HDMI-CEC channel 160.
In some implementations, streaming media device 140 can connect to the Internet
through, for example, a Wi-Fi connection or an Ethernet connection to the user's local network.
Streaming media device 140 can use Bluetooth connection 150 to communicate with remote
control device 110, where streaming media device 140 can, for example, transmit firmware
updates or a set of IR codes received from a remote server connected to the Internet to remote
control device 110 and, once connected, to receive instructions corresponding to button presses
on remote control device 110.
In some implementations, streaming media device 140 can communicate with a remote
server by querying an IR database 170 for an IR codeset that corresponds to target device 120. It
should be noted that IR database 170 can be hosted on the cloud and streaming media device 140
can communicate with IR database 170 over a network 180 (e.g., the Internet). In continuing this
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example, once streaming media device 140 has obtained a set of IR codes from IR database 170
for controlling target device 120, streaming media device 140 can convert the IR codes to an
intermediate file format that contains the BLE packets needed to transmit the IR codes from
streaming media device 140 to remote control device 110 via BLE channel 150 or any other
suitable short range communication protocol. Upon receiving the BLE packets, remote control
device 110 can decode the BLE packets to obtain the IR codes for controlling target device 120
and can store the IR codes in memory on remote control device 110.
The Remote Control Device
Referring back to remote control device 110 of FIG. 1, remote control device 110 can
support any suitable target device commands, such as power on, power off, volume up, volume
down, mute, input selection, directional input, application launch, etc. After user configuration
of remote control device 110, remote control device 110 can be configured to transmit one or
more target device commands to target device 120 via IR signals over infrared link 130 and can
be configured to transmit one or more commands to streaming media device 140 for controlling
target device 120 via BLE signals over BLE channel 150. For example, in response to a button
press on remote control device 110, remote control device 110 can transmit a BLE signal or an
IR signal for controlling target device 120. It should be noted that, in some implementations,
commands, such as the power on command or the power off command, can be configured to
cause remote control device 110 to concurrently transmit a BLE signal and an IR signal.
It should be noted that remote control device 110 can be user-configurable, where the
remote control device 110 can be configured to transmit some or all of the target device
commands, the directional inputs, and/or the selection input directly to IR-enabled target device
120 from an IR transmitter on remote control device 110. For example, the user may configure
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remote control device 110 to transmit particular commands via Bluetooth to streaming media
device 140 (which transmits the corresponding command to target device 120 via the HDMICEC channel 160) and transmit particular commands directly to target device 120 via IR signals
over IR link 130. It should also be noted that, although remote control device 110 may receive
an IR code for a particular command, the user can configure remote control device 110 to
override an IR configuration such that a BLE command is transmitted to streaming media device
140 and streaming media device 140 transmits the appropriate CEC command to target device
120 over the HDMI-CEC channel 160.
Prior to configuring the IR fallback mode on remote control device 110 in which a set of
IR codes for target device 120 is stored in the memory of remote control device 110, remote
control device 110 can attempt to transmit the commands for power on/off, volume up, volume
down, mute, and input selection via Bluetooth to streaming media device 140, where streaming
media device 140, in turn, transmits the corresponding command to target device 120 via the
HDMI-CEC channel 160.
It should be noted that, if the BLE connection 150 between remote control device 110
and streaming media device 140 is lost after configuring the IR mode on remote control device
110 in which a set of IR codes for target device 120 is stored in the memory of remote control
device 110, remote control device 110 can fallback to transmitting IR commands from the set of
IR codes directly to target device 120.
It should also be noted that, although remote control device 110 can generally be
configured to control a single target device via IR (for example, the television device that
streaming media device 140 is connected via HDMI), remote control device 110 may be
configurable to control multiple devices via IR, where each button on remote control device 110
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can be mapped to one target device. For example, remote control device 110 can be configured
to transmit a power on/off command via IR to a first target device (e.g., a television device) and
can be configured to transmit volume up and volume down commands via IR to a second target
device (e.g., a soundbar device).
Pairing of the Remote Control Device and the Streaming Media Device
In some implementations, remote control device 110 can be paired with streaming media
device 140 via BLE. It should be noted that instructional user interfaces can be presented on a
media setup application executing on, for example, a mobile device of the user will be used to
guide the user through the pairing process. For example, the instructional user interfaces can
begin by instructing the user to press and hold a pairing key or keys on remote control
device 110, which causes remote control device 110 to advertise itself for discovery by
streaming media device 140. When remote control device 110 has been successfully paired with
streaming media device 140, a user interface element (e.g., a green check mark) can be presented
on the user interface to indicate a successful pairing to the user.
In some implementations, once remote control device 110 has been paired with streaming
media device 140 via BLE, the instructional user interfaces can indicate that a firmware
verification process is to be performed to ensure that remote control device 110 has an updated
version of the firmware. For example, streaming media device 140 can begin by reading the
firmware version from remote control device 110 and comparing the current firmware version of
remote control device 110 with a firmware version stored on streaming media device 140 or with
a firmware version stored on a remote server. If an updated version of the firmware is available
based on the comparison, streaming media device 140 can update remote control device 110 with
the most recent version of the firmware. It should be noted that, in some implementations, upon
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receiving an updated version of the firmware, remote control device 110 can disconnect the
Bluetooth connection with streaming media device 140 (e.g., after remote control device 110 has
been determined to be idle for a particular period of time) so that remote control device 110 can
restart and load the updated firmware. Remote control device 110 with the updated firmware can
then reconnect the Bluetooth connection with streaming media device 140.
IR Code Configuration on the Remote Control Device
In some implementations, remote control device 110 can be configured to receive a set of
IR codes from streaming media device 140 over the BLE channel 150 that controls features for
the particular make and model of the target device 120 that streaming media device 140 is
connected.
This IR code configuration process can begin with streaming media device 140
identifying target device 120 via the HDMI connection 160. In some implementations,
streaming media device 140 can attempt to directly detect Extended Display Identification Data
(EDID) from target device 120 using the HDMI connection 160 between streaming media device
140 and target device 120 that streaming media device 140 is connected. In some
implementations, streaming media device 140 may also detect or extract Plug and Play Identifier
(PNPID) information, where a combination of the EDID and the PNPID of target device 120 can
uniquely identify target device 120. Upon identifying target device 120, streaming media device
140 can prompt the user to accept the device identification information.
In some instances, streaming media device 140 may not be able to automatically identify
target device 120 using the HDMI connection 160. For example, streaming media device 140
may not receive or extract EDID information or PNPID information from target device 120. In
another example, streaming media device 140 may attempt to make a guesstimate as to the
identity of target device 120 using various device information (e.g., that remote control device
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110 or streaming media device 140 were sold in the North America market), but streaming media
device 140 may assign a low confidence score to the guesstimate. In yet another example,
streaming media device 140 may have identified a device that is not the desired target device
(e.g., streaming media device 140 has identified the television device when the desired target
device is an AV receiver that streaming media device 140 is connected to). In such instances,
streaming media device 140 can prompt the user to manually input device identification
information, such as a device type of target device 120 (e.g., whether the user is attempting to
configure remote control device 110 with a television display device or an A/V receiver device),
a manufacturer name of target device 120, and a model number of target device 120, via target
device 120 using an input keyboard or using a media setup application.
Upon identifying target device 120, streaming media device 140 can identify or retrieve a
corresponding set of IR codes for controlling target device 120. Generally speaking, streaming
media device 140 can query an IR database 170 that is hosted on the cloud for the IR codeset
corresponding to the identified target device 120. More particularly, streaming media device 140
can query a relational database that has been updated with user configuration data to obtain an IR
codeset that has been optimized for use by remote control 110 in conjunction with target device
120. For example, if features for a particular target device are CEC compatible (e.g., the volume
up feature is CEC compatible), streaming media device 140 can include an IR code for
increasing the volume of the target device along with a setting that configures remote control
device 110 to transmit a BLE command to streaming media device 140 in response to a volume
up button press on remote control device 110 and, in turn, streaming media device 140 can
transmit a volume up command to target device 120 via the HDMI-CEC channel 160. In another
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example, the IR codeset can include a particular subset of IR codes for use in commanding the
particular target device 120.
Once streaming media device 140 has obtained a set of IR codes from IR database 170
for controlling the identified target device 120, streaming media device 140 can convert the IR
codes to an intermediate file format that contains the BLE packets needed to transmit the IR
codes from streaming media device 140 to remote control device 110 via the BLE channel 150.
Upon receiving the BLE packets, remote control device 110 can decode the BLE packets to
obtain the IR codes for controlling target device 120 and can store the IR codes in memory (e.g.,
flash memory) on remote control device 110.
In some implementations, after the set of IR codes has been transmitted from streaming
media device 140 to remote control device 110, remote control device 110 can restart and the
user can be prompted to verify that the IR codeset works correctly. In particular, the user may be
prompted to press a particular button on remote control device 110 and confirm that that target
device 120 executed the corresponding command.
Accordingly, an infrared fallback mechanism for remote control devices based on the
HDMI-CEC capabilities of a target device is provided. When HDMI-CEC is enabled on the
target device, such as a display device or any other suitable HDMI sink device, and when a
feature is an HDMI-CEC compatible feature, the remote control device can transmit instructions
to the target device by transmitting a Bluetooth radio signal (e.g., a Bluetooth Low Energy
signal) to a streaming media device, which, in turn, can transmit an instruction to the target
device via an HDMI-CEC channel between the streaming media device and the target device.
Alternatively, when the HDMI-CEC channel between the streaming media device and the target
device is not enabled or when a feature is not an HDMI-CEC compatible feature (as HDMI-CEC
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is not always available on target devices), the remote control device can fallback to an infrared
(IR) mode by directly communicating with the target device in which an IR code is transmitted
to the target device via an IR transmitter on the remote control device to an IR receiver on the
target device.
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